Introduction
Phase 4 block or pause-dependent block is a suggested mechanism of paroxysmal atrioventricular block (AVB) in patients with a diseased His-Purkinje system. 1 Premature atrial contraction (PAC) or premature ventricular contraction (PVC) is a typical trigger of phase 4 block. However, various beats or rhythms can cause phase 4 block.
Case reports Case 1
A 72-year-old man visited the clinic for recurrent syncope. During syncope, Holter monitoring showed paroxysmal AVB. AVB was initiated with prolongation of the P-P interval (890 to 1200 ms) (arrow with solid line; Figure 1A ). Atrioventricular (AV) conduction resumed with junctional escape beat (arrow with broken line). Thus, a permanent pacemaker was implanted.
Case 2
A 73-year-old man underwent coronary artery bypass surgery for myocardial infarction. On postoperative day (POD) 1, electrocardiography (ECG) showed that paroxysmal AVB appeared following PVC (arrow with solid line) and was terminated by fascicular escape beat (arrow in broken line; Figure 1B ). The patient had no symptoms at that time because he was deeply sedated. We recommended pacemaker implantation. However, he refused it. On POD 12, he was discharged without permanent pacemaker implantation.
Case 3
A 69-year-old man visited the emergency room after experiencing syncope in the toilet in the middle of the night. He had undergone double valve replacement for severe mitral and aortic stenosis 10 years prior. ECG showed atrial flutter and 4.7-second ventricular pause after PVC (arrow) was observed during sleep ( Figure 1C ). Because he did not have symptomatic ventricular pause, we decided not to implant a pacemaker.
Case 4
A 68-year-old man underwent aortic valve replacement for severe aortic stenosis. On POD 13, he complained of dizziness. ECG at that time showed that paroxysmal AVB appeared following PAC (arrow with solid line) and was terminated by PVC (arrow with broken line; Figure 1D ). A temporary pacemaker was turned on. On POD 14, ECG monitoring showed that paroxysmal AVB followed supraventricular tachycardia (arrow with solid line), which was terminated by the ventricular pacing beat (arrow with broken line; Figure 1E ). Since paroxysmal AVB recurred, a permanent pacemaker was implanted on POD 16.
Case 5
A 71-year-old man underwent aortic valve replacement and coronary artery bypass surgery for severe aortic stenosis and significant coronary artery disease (3-vessel disease). On POD 7, he complained of syncope. ECG at that time showed that paroxysmal AVB appeared following termination of atrial fibrillation (arrow with solid line) and was terminated by PVC (arrow with broken line; Figure 1F ). A temporary pacemaker was inserted. As paroxysmal AVB after paroxysmal atrial fibrillation recurred, a permanent pacemaker was implanted on POD 13.
Discussion
The present cases had paroxysmal AVB triggered by slowdown of the sinus rhythm ( Figure 1A ), PVC ( Figure 1B and C), PAC ( Figure 1D ), termination of supraventricular tachycardia ( Figure 1E ), and paroxysmal atrial fibrillation (Figure 1F ), respectively. Phase 4 block has been suggested as a mechanism of paroxysmal AVB.
1 Typically prolongation of the P-P interval of the sinus rhythm or the long pause after PAC, PVC, or termination of tachycardia can cause slow spontaneous depolarization of the diseased HisPurkinje system. [2] [3] [4] It can cause unresponsiveness of the His-Purkinje system because the membrane potential reaches over the threshold. Under this condition, the next impulses from the atrium are blocked. AVB typically recovers when a PVC resets the membrane potentials to the resting state, and the next P wave occurs before the phase 4 resting potential again rises to the point where AVB would recur. 4 Retrograde conduction tends to be preserved during paroxysmal AVB. 1 In Figure 1D , a retrograde P wave (arrowhead) appeared after the first PVC during paroxysmal AVB. However, the first PVC failed to recover AV conduction, whereas the second PVC without a retrograde P wave recovered AV
KEY TEACHING POINTS
Phase 4 block is a mechanism of paroxysmal atrioventricular block in patients with diseased HisPurkinje systems.
Slowdown of sinus rhythm, premature contractions, and termination of tachycardia can be triggers of phase 4 block.
A permanent pacemaker is necessary in patients with phase 4 block. Figure 1 A: Case 1: Atrioventricular block (AVB) in a 72-year-old man initiated with prolongation of the P-P interval (890 to 1200 ms) (arrow with solid line). Atrioventricular conduction resumed with junctional escape beat (arrow with broken line). B: Case 2: AVB in a 73-year-old man following coronary artery bypass surgery for myocardial infarction. Electrocardiography (ECG) on postoperative day (POD) 1 showed that paroxysmal AVB appeared following premature ventricular contraction (PVC) (arrow with solid line) and was terminated by fascicular escape beat (arrow with broken line). C: Case 3: ECG of a 69-year-old man post double valve replacement for severe mitral and aortic stenosis 10 years prior. ECG shows atrial flutter and 4.7-second ventricular pause after PVC (arrow) observed during sleep. Because he did not have symptomatic ventricular pause, we decided not to implant a pacemaker. D: Case 4: POD 14 ECG of a 68-year-old man who underwent aortic valve replacement for severe aortic stenosis. ECG showed that paroxysmal AVB appeared following premature atrial contraction (arrow with solid line) and was terminated by PVC (arrow with broken line). E: Case 4: After a temporary pacemaker was turned on, ECG monitoring showed that paroxysmal AVB followed supraventricular tachycardia (arrow with solid line), which was terminated by the ventricular pacing beat (arrow with broken line). F: Case 5: POD 7 ECG of a 71-year-old man who underwent aortic valve replacement and coronary artery bypass surgery. ECG showed that paroxysmal AVB appeared following termination of atrial fibrillation (arrow with solid line) and was terminated by PVC (arrow with broken line).
conduction. This may have been because the retrograde P wave functioned like PAC, and phase 4 block was maintained after pause of the retrograde P wave of the first PVC. In patients with phase 4 block, a permanent pacemaker is needed in cases of irreversible disease of the His-Purkinje system. A permanent pacemaker was not implanted in the patient in Figure 1C . It might be because increased vagal tone could partially contribute to paroxysmal AVB.
